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Much new information has become available in recent years on the
Martian atmosphere. Mariner IV data have shown that the surface pressure
is below ten millibars, a result that is not inconsistent with the most
recent spectroscopic studies. If the Mariner IV ionospheric data are
interpreted in terms of an F2 peak, the atmosphere must be very cold at
all levels and the exospheric temperature must be near 85°K. This result
is in disagreement with studies of radiative equilibrium temperatures,
which indicate a relatively warm exosphere, the temperature being in the
vicinity of 400°K. As a consequence of this inconsistency and others of
a similar nature, there is still a wide range of speculation concerning
the properties of the Martian atmosphere. These inconsistencies will

probably be resolved only after more detailed observations have been made

in planetary probes, such as the distribution of resonance scattering of

sunlight by atomic oxygen.

*This paper was presented at the COSPAR Seventh International Space Science
Symposium in Vienna, Austria, May 10-19, 1966.
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Mariner IV data (Kliore et al., 1965a) show that the surface
pressure on Mars in quite low, less than 10 mb, and that the atmosphere
consists mainly of carbon dioxide. Johnson (1965) has argued that the
concept that the earth's atmosphere has arisen from within the planet,
if applied to Mars, predicts an atmospheric composition that is in
agreement with the observations.

On earth, the two most plentiful gases that have been released from
the earth's interior are water vapor and carbon dioxide. About 3 x 105 g/cm2
water vapor have been released, and this has gone mainly into the formation
of the oceans. About 2 x 104 g/cm2 carbon dioxide have been released, and
this has gone mainly into carbonate deposits through chemical processes
that depend on the presence of water. The next most plentiful gas has
probably been nitrogen, of which about 103 g/cm2 have been released;
however, this is a constituent that is sufficiently inert so that it
can accumulate in the atmosphere, and it now makes up the bulk of the
atmosphere. Oxygen has arisen through secondary processes, initially by
photochemical decomposition of water vapor, but predominantly through
photosynthesis after life on earth became abundant.

The temperature of Mars is so low that most of the water vapor there
would accumulate in ice deposits which could then become covered and
obscured by dust. Lacking liquid water, the carbon dioxide that has been
released from the Martian interior should remain in the atmosphere and
make up most of its bulk. The amount of carbon dioxide on Mars is about
20 g/cmz; this indicates that the amount of gas that has been released

from the interior of Mars is only about 10.3 that released on earth in
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terms of mass per unit area. Thus, the water on Mars can be expected to
amount to 300 g/cmz; this should be non-uniformly distributed over the
planet in the form of subsurface deposits of ice. Nitrogen in the
atmosphere of Mars should be about 1 g/cmz, and argon only 0.01 g/cmz,
assuming its release on Mars to be comparable in efficiency to that of the
other gases.

The ionosphere on Mars was observed at the unexpectedly low altitude
of 120 km (Kliore et al., 1965a; 1965b), and the rate of decrease of
ionization with altitude was very rapid above the maximum, the scale height
being about 25 km., Different interpretations exist with regard to the
ionization peak. It has been identified as an F2 peak (Johnson, 1965;
Fjelbo et al., 1966), an F1 peak (Donmahue, 1966) and an E peak (Chémberlain
and McElroy, 1966).

The identification of the ionization maximum as an F2 peak involves
the concept that the peak is controlled by downward diffusion of ionization,
that the ions are 0+, and that the predominate loss process for ions involves
reactions with neutral molecules and occurs mainly below the ionizatiom
maximum, The identification of the ions as 0+ rather than heavier ions
requires that a very low temperature be associated with the ionosphere,
about 85°K above 120 km. The particle concentration at 120 km is estimated
on the basis of diffusion theory to be about 109 cm_3, which can be reached
only if the average temperature up to 120 km is about 130°K. Johnson (1965)
proposed the temperature distribution shown in Figure 1 on the basis of
this interpretation.

Two difficulties exist with the F2 interpretation discussed above, one

involving chemical rate constants and the other radiation balance.
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Fehsenfeld et al. (1966) have measured the rate constant for the reaction

+
-
9 O2 + CO

0 + co
and obtained the large value of 10-9 cm3sec-1. A rate constant of this
magnitude would convert 0+ ions to 02+ ions very rapidly and eliminate
any possibility of forming an F2 peak with greater electron concentrations
than those existing at the Fl1 level unless something happens to reduce the

CO2 concentrations. Fjelbo et al. (1966) suggest that a reduction in CO

2

concentration in the F region is brought about by the freezing out of CO2
by a temperature minimum near 100 km, so that an F2 peak can still exist
even with the large rate coefficient measured by Fehsenfeld et al. for
removal of O+ ions,

The second difficulty with the F2 interpretation is that the low
temperatures associated with it cannot be reconciled with the thermal
balance calculated on the basis of radiative exchange and molecular
conductivity. Chamberlain and McElroy (1966) and Gross et al. (1966)
indicate that there is an excess of heat input over heat loss in the
infrared that requires the temperature in the exosphere to be in the
neighborhood of 400°K so that molecular conductivity can remove the excess
heat by downward conduction. With this consideration in mind, Chamberlain
and McElroy (1966) interpret the ionization maximum as an E layer, and
conclude that, in order to suppress by chemical means the formation of
an F region with larger electron concentrations at higher altitudes, the

atmosphere must be well mixed up to 190 km. In their treatment, they do

not take into account the effects of eddy transport; their conclusion
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that that atmosphere must be well mixed up to 190 km implies that mixing

must proceed more rapidly than molecular diffusion, which would be
characterized by a coefficient of about 2 x 108 cmzsec-1 at 190 km if

the concentration of neutral particles there had the value which they
indicate. If the eddy coefficient were this large, the downward heat
transport by eddy motion at 190 km would be about 0.2 erg cmfzsec-l, which
appears to be larger than the total heat input above that altitude in

their model. The interesting conclusion is that, to satisfy their requirement
for mixing, a downward heat transport would have to exist that would

completely eliminate the high temperature thermosphere that they obtained

while ignoring the eddy transport. This seems to invalidate the E region

interpretation.

In the earth's atmosphere, eddy heat transport is more important than
radiative heat transport in controlling the thermal balance between about
60 and 120 km (Johnson, 1967). The corresponding altitudes on Mars are,
of course, not known, but it is reasonable to assume that eddy transport
is of comparably great importance in the Martian atmosphere. Eddy transport
could produce a temperature minimum such as that involved in Fjelbo et al.'s
(1966) interpretation of the Martian atmosphere. The parallel is that eddy
transport is the dominant energy exchange mechanism at the mesopause,
and probably is primarily responsible for producing the temperature minimum
at 80 km in the earth's atmosphere.

Although Chamberlain and McElroy's (1966) interpretation of the Martian
ionosphere as an E region may not be correct, their conclusion that there

should be a temperature rise at and above the temperature maximum is
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significant and not likely to be invalidated by the failure to take into
account the eddy heat transport, although some doubt remains on this
point. Acceptance of the high temperature (v 400°K) exosphere would
invalidate the F2 interpretation for the ionization peak and lead to

the requirement for an alternative interpretation. This alternative might
be an Fl region with a high temperature exosphere, something that has been
suggested by Donahue (1966).

If the ionization peak is an Fl region, the neutral particle concen-
tration at 120 km should be about 4 x 1010 cm-3, assuming that the
absorption cross section is about the same as for the earth's Fl region.
The ionization scale height above the ionization peak depends on the
ionizable constituent; if it were atomic oxygen, a low temperature (~f85°K)
would be indicated, which is not consistent with the high temperature
exosphere. It seems more likely that carbon dioxide should be the ionizable
constituent, which would indicate a temperature of 235°K, or even higher
when the effect of the temperature gradient is taken into account. The
particle concentration at 120 km, compared to that at the ground, indicates
an average temperature up to 120 km of 150°K. The temperature distribution
and particle concentrations calculated by Chamberlain and McElroy can be
used as the basis for an Fl model if they are suitably modified. Their
results are shown in Figure 2; since they calculated the vertical distri-
bution assuming a molecular weight of 35, whereas a value near 44 seems
more likely, a revised altitude scale based on a molecular weight of 44
is shown on the right-hand side of Figure 2, and the scale is adjusted
so that the particle concentration at the jonization peak at 120 km is

4 x 1010 cm-3. Also, below 100 km on the revised scale (or 150 km on
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their original scale), their temperature distribution and the particle
concentrations have been adjusted so as to agree with the requirement
that the average temperature below 120 km be lSOoK; their origimnal curves
are shown dashed. The concentration curve calculated by Chamberlain and

McElroy was for a gas mixture consisting of 447 CO, and 567% NZ’ whereas

2
in the modified view the concentration curve in Figure 2 represents only
the CO2 concentration; greater concentrations of lighter constituents

(most likely atomic oxygen) might exist near the top of the diagram,

It is clear from the foregoing that we are faced with choosing between
rather divergent views, at least two at present, and possibly more as time
goes on. The substantial uncertainties that exist in the interpretation
of the Martian ionosphere are not likely to be fully resolved without more
data. Especially valuable will be data on the distribution of specifically
identified components, for example, the distribution of atomic oxygen by
fluorescence scattering. This will give an independent indication of the
exospheric temperature and should clearly discriminate between the Fl and

F2 theories for the Martian ionosphere.

This work was supported by NASA Grant NsG-269.
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Figure Captions

Figure 1. The temperature distribution through the Martian atmosphere
based upon an F2 region interpretation for the ionization maximum

(Johnson, 1966).

Figure 2. The temperature distribution and total particle concentration
in the Martian atmosphere based on (a) an E region interpretation tor
the ionization maximum (left-hand scale, and dashed curves below
150 km), (b) on Fl region interpretation (right-hand scale, solid
curves below 100 km). The curves are based on the calculations of
Chamberlain and McElroy (1966) but with a modified altitude scale
and further modified below 100 km (right-hand scale) for the Fl
interpretation; in the modified form, the concentration curve applies

to CO,, whereas it originally applied to a mixture of 447 COZ’ 56%

2’

NZ'
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